This paper assembles ISEE 1, 2, and 3 observations of the interplanetary magnetic and electric fields, plasma, magnetohydrodynamic waves, electromagnetic and electrostatic plasma waves, 1-to 6-keV protons and electrons, and > 30-keV/Q ions for the interplanetary shock of November 12, 1978. The shock was high speed (640 km s-•), supercritical, quasi-parallel, and an efficient accelerator of energetic protons. The flux of > 35-keV protons increased by a factor of 15 in the last 45 min and 270 R e before shock encounter. The > 10-keV proton energy density approached that of the magnetic field and thermal plasma upstream of the shock. The shock was inside a closed magnetic structure that was connected at both ends to the shock. The intensity of ion acoustic and low-frequency MHD waves increased inside the closed magnetic bubble.
the plasma and energetic-particle observations upstream and downstream of this shock; and, third, using this documentation, we will test the quantitative predictions of current theories of quasi-parallel shock structure and particle acceleration. Section 1.2 characterizes the gross properties of the NoYember 11-12, 1978, shock event in terms of the eight energeticparticle and plasma diagnostics recorded during a 30-hour period containing the shock. In section 1.3 we describe the properties of the interplanetary field during a 12-hour period surrounding the ISEE 3 encounter, and we define the geometry of the shock at the time of the ISEE 3 encounter. Thereafter, we will delineate the intricate relationships between the properties of the solar wind, low-energy (> 30 keV) cosmic ray protons, superthermal "halo" electrons, and the low-frequency MHD and high-frequency plasma waves that couple the energetic particles to the wind.
We will focus on two important upstream events' the passages over ISEE 3 and then over ISEE 1 of a region of closed magnetic field, which was connected at both ends to the oncoming shock and propagated at the solar wind speed, and of a subsequent ion acceleration foreshock that comoved with the shock. Section 2 presents ISEE 3 data for a 6-hour period prior to shock encounter, and section 3 contrasts ISEE 3 data with data taken by ISEE 1, which was magnetically connected to both the interplanetary shock and the earth's bow shock.
Section 4 summarizes our observations. In subsequent papers we will define a shock normal, compare the properties of the solar wind upstream and downstream of the shock with a Rankine-Hugoniot solution, describe the MHD structures that followed the shock, and compare the properties of the energetic particles and plasma turbulence upstream and downstream with theory.
Global Properties
McMath plage region 15,643 was responsible for three substantial H: flares during the first 18 hours of November 10, 1978, all located within 6 ø of the central meridian of the sun at a north latitude of 17ø-18 ø. Table 1 During the entire period from 1800 UT until shock encounter, the interplanetary field magnitude and solar wind speed remained roughly constant at 7-8 7 and 370 km s-•, respectively. Variable fluxes of energetic protons streaming along magnetic field lines away from the earth indicated that ISEE 3 had been magnetically connected to the earth's bow shock prior to 1725 UT on November 11. During the variable proton event and until 1840 UT, the superthermal electron fluxes were also highly variable, with their heat flux alternately toward and away from earth, suggesting that the period 1725-1840 UT was one of complex, variable connection to the bow shock. We will concentrate on the more orderly data after 1840 UT, where there was no evidence that ISEE 3 was connected to the bow shock.
After 1840 UT, when the solar wind density maximized, the 35-to 56-keV proton intensity and 3.16-kHz electric field amplitude increased, and the solar wind density decreased, all three with superposed fine structure, until the shock. The 5-hour, more-or-less steady increase in the energetic proton intensity prior to the shock identifies this as an ESP event.
It is particularly important to note the sudden drop in solar wind density at 2230 UT, which is coincident with increases to plateaus in the 35-to 56-keV proton and 3.16-kHz ion acoustic wave intensities. According to Figure The count rate of 30-to 36-keV/Q helium ions, which had hovered slightly above threshold ahead of the shock, jumped by a factor of 40 at the shock and gradually returned to threshold over the next 18 hours. The 35-to 56-keV proton intensity rose to 1.5 x 103 cm-2 s-• sr-• keV-• at the shock. Note the secondary peak, which is the absolute maximum, about 2 hours behind the shock, which appears to be associated with a local minimum in the postshock solar wind speed. After this maximum the 35-to 56-keV proton flux remained more or less constant until about 1300 UT, when it began to decline, and dropped suddenly near 1715 UT.
Flare ejecta arrived at about 1715 UT, at which time the solar wind proton temperature decreased, the electron temperature diminished to 4 x 10 '• øK, and the thermal plasma was enriched in • particles [Bame et al., 1981] . This general behavior persisted until about 0200 UT on the next day, November 13, 1978. Strong bidirectional electron streaming observed at energies >80 eV was coincident with the arrival of the flare ejecta at ISEE 3 [Bame et al., 1981] . Energetic protons, E > 35 keV, also exhibited bidirectional streaming at that time ].
Upstream Interplanetary Field and Shock Geometry
Figure 2 presents 12 hours of 1-min-averaged interplanetary field data surrounding the passage of the shock over ISEE 3. Shown are the X, Y, and Z GSE components together with the field magnitude; note that all four vertical scales change at 0000 UT on November 12, 1978, to accommodate the larger field magnitudes downstream of the shock. The vertical lines indicate times of events that will be discussed in this paper and its sequels; the shock is denoted by the letter "S."
The left-hand panels describe the properties of the interplanetary magnetic field (IMF) upstream of the shock. The vertical dotted line at 1840 locates the sharp changes in Bx and Br that terminated a period of connection to the terrestrial bow shock. The Z component, which began to decrease at 1840 UT, had doubled in magnitude by 1855 UT, when the decrease terminated and B r increased abruptly. Thereafter, B z The right-hand side of Figure 2 shows sity of 35-to 147-keV protons increased especially rapidly during the last 45 min before shock encounter, during which time the primary ion acceleration front passed over ISEE 3. field line was not connected to the bow shock, the new "toward" halo electrons cannot have come from the bow shock. We believe that they, too, were generated at the interplanetary shock and streamed the long way around a closed magnetic loop to ISEE 3. This loop had a spatial scale of 700 Re, or more. it dropped to less than 1000 km s-x and held roughly constant between 2230 UT and the shock at 0028 UT.
Solar Wind Electrons and Bubble Entry
To help define the source of the halo electrons, we consider the properties of those electrons streaming along the magnetic field toward and away from the sun separately. The partial density and parallel speed moments of the "away" and "toward" semidistribution functions are displayed in the middle and bottom panels of Figure 5 . The density of away electrons (top curve of middle panel) did not decrease, but increased somewhat, as the new solar wind region moved over ISEE 3. In addition, the away drift speed (top curve of bottom panel) also increased, so that the thermal flux carried by electrons away from the sun was about a factor of 2 larger after 2230 UT than before. However, the partial density and speed of the electrons streaming toward the sun (bottom curves of the middle and bottom panels), which were small prior to 2145 UT, both rose abruptly beginning about 2145 UT to values more nearly comparable with those of the away electrons, which remained constant between 2230 UT and the shock. Thus the net heat flux and mean halo drift (top panels of Figures 4 and 5, respectively) did not decrease because the halo electrons streaming away from the sun and the oncoming interplanetary shock diminished in intensity, but because a new component of electrons streaming toward the sun was present after 2230 UT, and the halo electron distribution became more symmetrical.
The new fluxes of halo electrons detected streaming toward the sun after 2230 UT can be interpeted in at least two ways. ISEE 3 could have been magnetically connected to the earth's bow shock after 2230 UT and thus have detected bow shock electrons, or ISEE 3 could have entered a closed magnetic loop at 2230 UT that intersected the interplanetary shock at both ends. In the second case, one might expect ISEE 3 to detect stronger fluxes streaming away from the point of nearer connection and weaker fluxes appearing to stream toward the sun that were generated at the point of further connection and followed a long path around the closed field to reach ISEE 3. Although electron data alone might not distinguish between these two alternatives, we believe the balance of evidence favors the second. The data from the period before 1840 UT, when ISEE 3 was definitely sporadically connected to earth, differed in internal character from the data after 2230 UT. The electron heat flux parameters fluctuated violently, and the heat flux intermittently reversed sign, prior to 1840 UT; the > 35-keV protons also had a streaming anisotropy away from earth prior to 1725 UT. However, the electron parameters were stable, and a sunward proton anisotropy was absent, after 2230 UT. We will present further arguments supporting the magnetic loop hypothesis later. We call special attention to the period after 2345 UT, when the channel 1 proton flux increased by a factor of 15 and significant increases were registered in channels 2-4. Note that the exponential scale length of the channel 1 flux decreased especially rapidly during the last 15 min prior to shock encounter. The period after 2345 UT is the one in which proton acceleration can be directly related to the approach of the shock. We will, for simplicity, say that a proton acceleration foreshock arrived 45 min prior to shock encounter.
Upstream MHD and Ion Acoustic Waves
The spectral indices and streaming anisotropy also changed as the proton acceleration foreshock passed over ISEE 3. The spectral index determined from channels 1 and 2 actually turned negative at 2320 UT, indicating that the peak of the energy distribution was between 56 and 91 keV, before rising to its postshock value of about 1.1. have shown that the energetic proton e-folding distance near the shock increased with particle energy so that the negative spectral index near 2320 UT signifies the prior arrival of a diffusion front at energies above 56 keV.
The 35-to 56-keV proton solar wind frame anisotropy increased suddenly near 2345 UT as the proton foreshock arrived at ISEE 3. Thereafter, the 35-to 56-keV protons were roughly isotropic in the frame of the shock.
A factor of 25 increase in ion acoustic wave power spectral density, and a factor of 3 increase in the MHD wave power spectral density (Figure 8) , took place between the foreshock at 2345 UT and the shock at 0028 UT.
UPSTREAM REGION: ISEE 1 AND 2

Introductory Remarks
In this section we supplement ISEE 3 measurements of the region upstream of the interplanetary shock using ISEE 1 and 2 data. In section 3.2 we discuss ISEE 1 plasma wave measurements. The fact that ISEE 1 detected upstream electron plasma waves when ISEE 3 did not indicate again that ISEE 1 was magnetically connected to the interplanetary shock and the quasi-perpendicular zone of the bow shock, while ISEE 3 was connected only to the quasi-parallel interplanetary shock. In section 3.3 we use ISEE 3 and 1 data to show that the closed magnetic bubble propagated between the two spacecraft at about the solar wind speed. We reach a similar conclusion using ISEE 2 and 1 data in section 3.4. ISEE 1 carried a dc electric field detector, and ISEE 1 and 2 carried sensitive detectors of few-keV electrons and protons, which were not part of the ISEE 3 payload. Highly anisotropic 2-and 6-keV protons were contained within the magnetic bubble, and the 0.7-to 1.8-Hz electric field power spectral density increased when the ion acceleration foreshock passed over ISEE 1. The behavior of the ISEE 1 electron density inferred from the frequency of the plasma line between 2200 and 2330 UT was qualitatively similar to that at ISEE 3 between 2100 UT and 2230 UT. The density, while subject to two sharp increases, settled down to a more nearly constant and lower value at 2330 UT. Thus ISEE 1 entered the low-density magnetic bubble 1 hour after ISEE 3, which is roughly the solar wind delay time. The electron plasma waves diminished in intensity, and perhaps frequency, just before shock encounter. The plasma frequency increased at the shock and remained elevated thereafter. Figure 10 has been discussed in detail by Kennel et al. [1982] . Here we are able to give more information about the circumstances in which these plasma waves occurred. The 1-to 10-kHz ion acoustic peak amplitudes were highly disturbed during the period prior to 1840 UT when ISEE 3 was intermittently connected to the bow shock. The peak 1-to 10-kHz amplitudes began a more or less steady increase near 1920 UT, when the 35-to 56-keV protons in The MHD and ion acoustic amplitudes and the 2-keV proton flux peaked at 0020 UT, 38 min prior to shock encounter. The 0.7-to 1.8-Hz electric field power spectral density also increased near 0020 UT and remained enhanced until shock encounter. It is tempting to attribute these peaks, and the generally enhanced wave activity that continued until shock encounter, to the arrival of the ion acceleration foreshock at ISEE 1 (Figure 13) . detectors are sensitive to a narrow cone of particle arrival angles centered along the spin axes of the two spacecraft, which in turn are nearly parallel to the Z axis of the GSE coordinate system. Thus 90 ø pitch protons were being detected when Bz neared zero. We therefore conclude that the 2-and 6-keV proton pitch angle distributions were highly anisotropic, with a strong peak near 90 ø. Similar modulations of the 2-and 6-keV proton fluxes were detected sporadically but continually from the entries of ISEE 1 and 2 into the bubble near 2330 UT until the shock encounter at 0058 UT. The "striking change" in 2-and 6-keV proton flux at 2330 UT in Figure 12 may have been due to the fact that B z was zero more frequently after bubble entry. This case study provides two interesting object lessons for those intending to test theories of particle acceleration by shocks. First, the scale of the energetic particle foreshock is sufficiently large that the global properties of the solar wind through which an interplanetary shock propagates should be diagnosed. In this particular case, we found that the shock was in a closed magnetic field region when it passed over ISEE 3 and 1. The foreshock at low energies did have a spatial scale that was smaller than that of the magnetic bubble, but the propagation and spatial profile of more energetic protons might have been affected significantly by the closed magnetic topology.-Second, measurements of interplanetary shock acceleration processes by earth-orbiting spacecraft cannot be interpreted properly without paying attention to the possibility of bow shock connection, a conclusion also reached by Scholer and lpavich [1983] .
The top panel of
By defining the large-scale properties of the region upstream of the interplanetary shock of November 12, 1978, this paper sets the stage for its sequels [Kennel et al., this issue, also paper 3, unpublished manuscript, 1984]. In paper 2 we will study the shock encounter and the MHD flow structures downstream of it in more detail. We will obtain a shock normal and compare the measured solar wind parameters upstream and downstream with a theoretical Rankine-Hugoniot solution. We will contrast the slightly different properties of the shock at ISEE 3 and 1. In paper 3 we will compare the properties of the large-amplitude MHD waves and energetic ions both upstream and downstream of the shock with theoretical predictions of the wave spectrum and polarization, and of the energetic ion spectrum, anisotropy, and spatial profile. Table A1 lists the instruments whose data we have collected for this study. These instruments and their capabilities have been described in a special issue of the IEEE Transactions on Geoscience Electronics (volume GE-16, number 3, July 1978) and in subsequent scientific publications by members of the individual scientific teams. The second column in Table A1 lists the first author and the page number in IEEE Transactions on Geoscience Electronics of the paper that describes each instrument.
APPENDIX: INSTRUMENTS
This paper also makes use of data on 50-kHz electric field voltages obtained by the ISEE 3 Three-Dimensional Radio Mapping Experiment [Knoll et al., 1978, p. 199] , which were communicated to us privately.
In most cases, the data assembled here are presented in standard display formats developed by each experimental team in the course of its research, and the data analyses were not optimized particularly for the study of the November 11-12, 1978, shock. In several instances, the individual experiment teams are presently working on refined analyses of the data for this and other interplanetary shock events, which they will publish separately. 
